Brn-3a is a transcription factor belonging to the class IV of POU domain transcription factors. It is expressed throughout the peripheral nervous system but especially in postmitotic sensory neurons of dorsal root ganglia. Brn-3a is known to regulate different genes involved in neuronal differentiation and survival. It has been shown that some of these genes require the N-terminal domain of Brn-3a in order to be activated and this effect is observed only in neurons suggesting that it may require a neuronal-specific cofactor. In order to identify this putative factor(s) we screened a cDNA library via a variant of the original yeast two-hybrid system. By using the N-terminal of Brn-3a as the bait, we have repeatedly isolated a protein named Rin, an incompletely characterized small GTP-binding protein expressed only in neurons. In this work, we describe the evidence for a functional interaction between Brn-3a and Rin and demonstrate the role of Rin in modulating the activation of the Brn-3a regulated egr-1 promoter by the N-terminal domain of Brn-3a.
Introduction
Brn-3a, along with Brn-3b and Brn-3c (He et al., 1989; Lillycrop et al., 1992; Gerrero et al., 1993; Ninkina et al., 1993 ) is a member of the Brn-3 family of type IV POU domain transcription factors which are expressed in different but overlapping neurons in the developing and adult nervous system (Ninkina et al., 1993; Fedtsova et al., 1995) . While Brn-3b is expressed in the ganglion cells of the retina (Xiang, 1998) and Brn-3c in the inner ear (Xiang et al., 1997) , Brn-3a is more widely expressed in the nervous system and especially in postmitotic sensory neurons of dorsal root ganglia (Fedtsova et al., 1995) . It has been demonstrated that the overexpression of Brn-3a promotes neurite outgrowth in neuronal cells (Smith et al., 1997) and is able to protect dorsal root ganglia sensory neurons from death upon NGF withdrawal both in vitro and in vivo Smith et al., 2001) . The key role played by Brn-3a in the proper development of the nervous system has also been elucidated by the excessive death of neurons of Brn-3a knockout mice leading to the death of the animal soon after birth (Xiang et al., 1996) . It is clear therefore that Brn-3a is involved in the regulation of a number of genes related to neuronal differentiation and survival.
Owing to alternative splicing, Brn-3a is expressed in two different forms: a short and a long form, the difference being an extra 84 amino acids at the Nterminal of the long form (Liu et al., 1996) . Brn-3a contains two activation domains: the POU domain in its carboxy-terminal, (which is also the DNA-binding domain and is common to both forms), and an Nterminal activation domain which is characteristic of the long form of Brn-3a. The isolated POU domain is necessary and sufficient to modulate the transcription of genes such as snap-25, synapsin, synaptophysin and P21 (Lakin et al., 1995; Morris et al., 1996) . In contrast, it has been clearly demonstrated that other genes such as Bcl-2 and a-internexin are activated only by the long form of Brn-3a, thus requiring the 84 amino acids of its N-terminal domain as well as the POU domain which mediates the binding to DNA (Smith et al., 1998a) . Intriguingly, the transactivation of these latter promoters occurs only in neuronal cells and is not observed in cotransfection of non-neuronal cells. This suggests that a neuronal factor(s) cooperates with the N-terminal of Brn-3a in order to modulate its activity. In support of this hypothesis it has been demonstrated that when the N-terminal fragment alone is cotransfected into ND7 cells, a neuroblastoma cell line, along with the entire coding region of Brn-3a, there is no transactivation of Bcl-2 suggesting that the N-terminal of Brn-3a is 'titrating' an essential cofactor(s) (Smith et al., 1998b) .
In order to identify this putative factor(s) we have screened, via the yeast two-hybrid system, a cDNA library derived from mouse brain using the N-terminal of Brn-3a as the bait. Surprisingly, we have repeatedly isolated a protein known in the literature as Rin, a small GTP-binding protein belonging to the superfamily of RAS (Lee et al., 1996; Shao et al., 1999) . Rin is expressed only in neurons and, although its physiological role is not completely understood, it seems to be involved in the neuronal response to differentiation stimuli (Spencer et al., 2002) . Although belonging to the RAS super-family Rin, and its related counterpart Rit, share a distinctive but conserved G2 effector region but both lack the C-terminal CAAX box that allows the other members of the RAS family to be prenylated (Casey, 1995) and thus translocated to the plasma membrane.
In this work, we describe the evidence for a direct and functional interaction of Brn-3a and Rin which is regulated by GTP and demonstrate the role of Rin in the modulation of the Brn-3a-regulated egr-1 promoter.
Results

Yeast two-hybrid screening
The original yeast two-hybrid system (Fields and Song, 1989) was initially tested as a suitable system in order to identify putative binding protein(s) to the N-terminal of Brn-3a. We therefore prepared a 3aNterm-Gal4 DNAbinding domain construct and transformed it into yeast cells to analyse its background activation level. Unfortunately, we found that this construct alone was sufficient to drive the expression of the Lacz reporter construct and was therefore unsuitable for our library screening.
As an alternative to the original system we then used the SOS recruitment system (Aronheim et al., 1997) which is focused on two key features: (i) upon interaction, the bait and the prey translocate to the plasma membrane where a rescue system is activated conferring a temperature resistant phenotype to yeast CdC25 cells, allowing them to grow at 371C and (ii) the cDNA expression library is under the control of a galactose-inducible promoter. In test experiments we firstly showed that the pSOS-3aNter expression vector was not able to confer a temperature resistant phenotype to CDC25 cells per se and was therefore suitable to screen an expression library. As described in the 'Materials and methods' section, library plasmids were isolated from clones that exhibited a galactose-dependancy at 371C and retransformed into CdC25 cells with either the pSOS-3aNter or pSOS vector alone. In a second round of selection, we identified 25 false positives and 18 clones which clearly exhibited the ability to grow at 371C on galactose plates only when coexpressed with pSOS-3aNter (data not shown). As an example of the system, all the clones grow at room temperature on glucose plates lacking leucine and uracil (Figure 1 , upper plate). When under selective conditions on galactose plates incubated at 371C; however, clones 63 and 65 grow only when coexpressed with pSoS-3aNter ( Figure 1 , lower plate) while clone 18 is a false positive since it grows even when coexpressed with pSOS alone.
The sequence of the positive clones (including 63 and 65) revealed, to our surprise, that all of them encoded for a protein known as Rin, a small GTP-binding protein belonging to the superfamily of RAS. All the clones contained the entire coding region of Rin (circa 1.8 kb) but varied in their 5 0 untranslated region (data not shown) suggesting that they were all individual clones and no yeast cross contamination had occurred. It has to be mentioned that clone 18 encodes for RAS, and it has been reported on different occasions that RAS is able to bypass this selection system conferring a temperature resistant phenotype to yeast cells on its own (24). However, this is clearly not the case for Rin as shown by our data and as expected since it lacks the Cterminal CAAX box required for the translocation to the cellular membrane
Evidence of Rin-Brn3a interaction in vitro
In order to further characterize the physical interaction between Brn-3a and Rin and understand (Rin being a GTP-binding protein) whether this was regulated or not by GTP, we performed a series of in vitro experiments. A GST-Brn-3a fusion protein was incubated with in vitro translated 35 S-Met labelled Rin in the presence or absence of GTPgS, a non hydrolysable analogue of GTP. As shown in Figure 2a the GST-Brn-3a fusion protein is able to bind specifically to Rin, with an overall retention of nearly 25% of the input. The specificity of this binding is indicated by the virtual absence of any binding of Rin to GST-Brn-3b, a very close homologue to Brn-3a. We then tested whether GDP/GTP modulated the binding affinity of Rin to GST-Brn-3a by preloading a 'cold' in vitro translated Rin with radiolabeled GTPgS or GDP. To confirm that the in vitro translated Rin was functional and completely folded, we initially tested whether it was able to bind the radiolabelled GTP or GDP. Having confirmed so by 'scintillator counter' of an aliquot of the reaction (data not shown), the remainder of the reaction was then incubated with GST-Brn-3a or GST alone, washed and the bound protein resolved on a PAGE. A Western blot was then performed using an anti-Rin antibody and we repeatedly found that the affinity to GST-Brn-3a was reduced when Rin was preloaded with GTPgS (Figure 2b, c) . No differences in the binding capacity were observed when GST alone was incubated with Rin preloaded with either GTPgS or GDP. We next wanted to assess if we could demonstrate the interaction of Rin and Brn-3a via a different system. We therefore transformed Escherichia coli with a pGeX-Rin vector in order to express a GST-Rin fusion protein. This was then incubated with a cell lysate derived from the Brn-3aL4 cell line (an IMR-32 neuroblastoma cell line stably overexpressing mouse Brn-3a, kind gift of Shazia Irshad) or with control IMR-32 transfected with the LTR empty vector alone. After the washes the beads were loaded onto a 10% PAGE gel, blotted and then probed with an anti-Brn-3a antibody that specifically recognizes only the mouse Brn-3a expressed in the Brn-3aL 4 cell line). As shown in Figure 3 , while GST alone is not able to bind Brn-3a, GST-Rin has the ability to retain Brn-3a from a mixture of total cell proteins, suggesting that an interaction between the two proteins occurs in a more physiological system.
Rin is expressed in the nuclei of the IMR-32 cell line
Since Brn-3a is a transcription factor and performs its function in the nucleus, we wanted to determine in what subcellular compartment of neuroblastoma cells Rin was localized. We therefore fractionated the cytoplasmic and nuclear proteins from the Brn-3aL4 and LTR cell line. Similar amount of proteins were then loaded on a PAGE gel, and blotted with an anti-Brn-3a antibody. The membrane was then 'stripped' and probed with an anti-Rin antibody or anti-GAPDH as a control for the purity of the nuclear fraction. As shown in Figure 4 , Brn-3a is, as expected, almost entirely expressed in the nucleus while Rin appears to be localized both in the nucleus and in the cytoplasm of Brn-3aL4 cells. By densitometry approximately 40% of Rin was detected in the nucleus. In contrast GAPDH was found, as expected, in the cytoplasmic fraction. This result shows that Rin and Brn-3a appear to be expressed in overlapping cellular compartments in both LTR and Brn-3a overexpressing cells.
Transactivation of the egr-1 promoter
After demonstrating that Rin and Brn-3a interact in vitro and that both are expressed in the nucleus, we wanted to assess whether this interaction had a physiological role. Brn-3a is well known to regulate Figure 3 Western blot of the pull-down of Brn-3a by GST-Rin. Western blot with an anti-Brn-3a antibody on the eluate resulting from the incubation of GST alone or GST-Rin fusion protein with total cell lysate derived from the Brn-3aL4 or LTR cell line. The first lane has been loaded with an aliquot of the whole-cell lysate derived from the Brn-3al4 cell line as a control for the Western blot. The antibody recognizes only mouse Brn-3a expressed in the Brn3aL4 cell line and not the endogenous human Brn-3a the expression of a subset of genes involved in neuronal differentiation, neurite extension, and control of apoptosis. Some of these genes are activated by the short form of Brn-3a (lacking the N-terminal activation domain), while others require the long form of Brn-3a, which includes the N-terminal domain. We therefore wanted to test whether the binding of Rin to Brn-3a was able to modulate the transactivation activity of known Brn-3a-regulated promoters in ND7 cells and, since Rin binds to the N-terminal of Brn-3a, whether this could affect the transactivation activity of Brn-3a. We also wanted to understand what role the GTP-binding properties of Rin played in this interaction and whether this could differentially modulate the transcriptional activity of Brn-3a.
To assess this second question we mutated Rin in position 78 (Rin78L) obtaining a constitutively active form of Rin. ND7 cells were therefore transfected with either Rin wild type (Rinwt) or Rin78L, alone or together with Brn-3a short or Brn-3a long. Brn-3a has been shown to activate the expression of the egr-1 promoter (an early NGF-responsive gene) with the longer form having a stronger effect then the short form (28). We therefore wanted to test whether Rin was able to modulate the transcriptional activity of the egr-1 promoter by Brn-3a. In our cotransfection experiments the transcriptional level of the egr-1 promoter was consistently upregulated when Rinwt was coexpressed with Brn-3a long (Figure 5a ). Coexpression of Rinwt or Rin78L with Brn-3a short, did not affect the transcriptional activation by Brn-3a (Figure 5b ) reinforcing the concept that Rin produces its effect on Brn-3a by binding to its N-terminal domain which is absent in the short form. Hence, Rin can specifically modulate the activation of the egr-1 promoter by the long but not the short form of Brn-3a.
Discussion
Brn-3a is a transcription factor known to regulate different aspects of neuronal differentiation and survival. By regulating genes involved in neurite outgrowth and in the control of cellular death, it represents a key factor in the development and survival of postmitotic sensory neurons (He et al., 1989; Lillycrop et al., 1992; Gerrero et al., 1993; Ninkina et al., 1993) . The C-terminal of Brn-3a is necessary and sufficient to regulate promoters such as P21, Synapsin and Synaptophysin (Lakin et al., 1995; Morris et al., 1996) , but the transactivation of genes such as Bcl-2 requires the N-terminal activation domain (Smith et al., 1998a, b) . Since Bcl-2 is activated by Brn-3a only in neuronal cells it has been speculated that a neuronspecific factor(s) binding to the N-terminal of Brn-3a could be involved in its effects.
In order to identify such factor(s) we screened a cDNA brain-derived library via a variant of the original yeast two-hybrid system. Through this system we have repeatedly isolated a gene encoding for a small GTPbinding protein known in the literature as Rin, a member of the RAS family that is expressed only in neurons (Lee et al., 1996; Shao et al., 1999) . Rin has a unique G2 effector domain, it lacks a CAAX box at its C-terminal translocated to the plasma membrane, and has the ability to bind calmodulin in a calcium- Figure 4 Rin is localized in the cytoplasm and nucleus of Brn3aL4 cells. Brn-3aL4 and LTR cells have been fractioned in order to obtain cytoplasmic (C) and nuclear (N) proteins. Equivalent amount of proteins have been loaded on a gel, transferred onto nitrocellulose and probed with an anti-Brn-3a antibody. The membrane has been 'stripped' and reprobed with anti-GAPDH antibody and subsequently with anti-Rin antibody Figure 5 Gene reporter assay of the egr-1 promoter in Nd7 cells. The egr-1 promoter is upstream of the CAT gene. CAT activities of cell lysates were determined after correction for transfection efficiency via a renilla-luciferase construct as described in 'Materials and methods'. The normalized CAT activity of the LTR control transfected cells is arbitrarly assigned a value of 100. All experiments were performed at least three times in triplicate and the bars indicate the standard error of the mean. The egr-1 promoter is upregulated when Rinwt but not Rin78L is coexpressed with the long form of Brn-3a (a) but not with the short form (b)
Rin functionally interacts with the Brn-3a transcription factor M Calissano and DS Latchman dependent manner. Most of the small GTP-binding proteins, need to be translocated to the membrane to carry out their function as mediators of a stimulus. In our experiments, we have found instead that Rin is expressed both in the cytoplasm and in the nucleus of both ND7 cells (data not shown) and of a Brn-3a overexpressing IMR-32 cell line (Figure 4) . It is currently unclear whether any molecular difference, such as the GTP/GDP binding state, can account for the nuclear and the cytoplasmic localization of Rin. It is also possible that Rin relocates from one compartment to the other following stimuli received by the cell. The physiological role of Rin in neuronal cells is still not completely understood but it has recently been shown that Rin is activated in PC6 neuronal cells treated with NGF (Spencer et al., 2002) and it has therefore been speculated that Rin might act as a modulator for neuronal differentiation. Since in our experiments we have instead observed a preferential binding of Brn-3a with the inactive (GDP bound) form of Rin it is possible to speculate that the activation of the NGFI-A promoter does not require a GTP-bound Rin, but relies instead on modulation through a different pathway. These data are also supported by the fact that a constitutively active form of Rin is incapable of inducing differentiation and neurite outgrowth in PC6 cells (Spencer et al., 2002) suggesting that Rin-GTP is not a direct mediator of differentiating stimuli.
Our experimental data tend to support this hypothesis. The egr-1 promoter (also known as NGFI-A) is a well-characterized gene known to respond to NGF and it has been demonstrated that Brn-3a plays a key role in the regulation of the egr-1 promoter (Smith et al., 1999) . In our experimental system, the coexpression of Rinwt and the long form of Brn-3a leads to the upregulation of the egr-1 promoter. Such an effect is instead not present when Brn-3a is cotransfected with Rin78L. Furthermore, no activation of the egr-1 promoter was observed when Rinwt or Rin78L are coexpressed with the short form of Brn-3a, reinforcing the data that Rin binds to the N-terminal of Brn-3a in a functional way ( Figure 5) .
Another important aspect that has emerged in this work is focused on the physical interaction and the role of GTP in the binding of Rin to Brn-3a. Small GTPbinding proteins are generally known to be active when in a GTP-bound state and inactive when bound to GDP. The binding of GTP produces a conformational change of the effector-binding region so that the protein can interact with a downstream effector(s). In this work, we have instead demonstrated that the binding of Rin to Brn-3a is almost completely abrogated when Rin is preloaded with GTPgS (Figure 2b) , presumably due to a sterical modification of Rin when bound to GTP. The inhibitory effect of GTP in the binding of Brn-3a to Rin has also been confirmed by the fact that the expression of a constitutively active form of Rin (Rin78L) in ND7 cells has virtually no effect on the transactivation activity of Brn-3a on the egr-1 promoter. This active form of Rin was originally defined on the basis of a sequence homology to a mutated form of RAS which constituvely binds GTP and on subsequent work on Rin which have highlighted this feature (Patel et al., 1992; Rusyn et al., 2000) .
In conclusion, many questions regarding the physiological role of Rin in neurons remain to be addressed but to our knowledge this is the first time that Rin, a member of the RAS superfamily of the small GTPbinding proteins, is shown to bind preferentially to an effector protein when in a GTP-bound state. It is also the first time, to our knowledge, that a small GTPbinding protein belonging to the RAS superfamily, is shown to directly bind in a functional way to a transcription factor. Furthermore, Rin is apparently involved in mediating neuronal differentiation stimuli, and Brn-3a is a transcription factor whose functions are well known to play a key role in the differentiation and survival of sensory neurons. Other experiments are under way in order to further understand the role of Rin in the regulation of the egr-1 promoter and whether other Brn3a-regulated genes, involved in neuronal differentiation and/or cell survival, are modulated by the activity of Rin.
Materials and methods
Cell culture and transfection
ND7 cells were grown in L-15 medium supplemented with 10% fetal bovine serum (FBS), 35% glucose. The IMR-32 (human neuroblastoma) cell line stably overexpressing Brn-3a (Brn-3aL4) (a generous gift of Shazia Irshad) was maintained in Dulbecco's modified Eagle's medium (DMEM) plus 10% FBS supplemented with 2 mg/ml of G418. All the cells were incubated at 371C, in 5% CO 2 and 95% humidity.
For transfection experiments, cells were plated at a final density of 2 Â 10 5 in a 24-well plate. The following day, cells were transfected with the calcium-phosphate method using 1 mg of each reporter gene (luciferase or CAT) plus 1 mg of each of the other constructs, 0.01 mg of renilla-luciferase driven by the minimal TK promoter (Promega) for normalization and incubated at 371C. After 48 h, cells were lysed in 100 ml of the passive cell lysis buffer system (Promega) for the luciferase assay or by repeatedly freeze-thawing them in 100 ml of 0.25 m Tris-HCl pH 7.5 for the CAT assay. The luciferase assay was performed according to the manufacturer's instruction while the CAT assay was performed according to Gorman (1985) . Every experiment has been repeated at least three times in triplicate.
Yeast two hybrid
The 3a-Nterm fragment was subcloned in frame with the pBDGal-4 DNA-binding domain. YRG-2 yeast cells were transformed with this construct alone and screened for the ability of the construct to drive the expression of the Lacz reporter gene.
The second system we used is a variant of the original yeast two-hybrid system (Fields and Song, 1989) known as Cytotrap-SOS recruitment system (Stratagene) (Aronheim et al., 1997) . Conventional yeast transfection and manipulation protocols were used. Briefly, CdC25 yeast cells were transformed with the pSoS-3aNter expression vector and plated on glucose plates lacking leucine as a selectable marker. From one of these transformants, we prepared competent cells and transformed them with a mouse brain-derived cDNA library in the pMyr (ÀURA) expression vector and subsequently incubated at 251C on glucose plates lacking leucine and uracil. A total of circa 1 Â 10 6 transformants have been replica plated onto galactose plates lacking leucine and uracil and incubated at 371C for 5 days. From this first selection, we have isolated 850 unique clones that were reduced to 43 putative positive clones at a second round of selection on galactose plates incubated at 371C. The colonies growing under these conditions were picked and subjected to further analysis.
Plasmids and constructs
The N-terminal of Brn-3a was PCR amplified from pLTRBrn-3a vector with the following primers: 3aNtermF, 5 0 -gaggatccatgatgtccatgaacag-3 0 , 3aNtermR 5 0 -gagagctccgacgagatgtggtcc-3 0 digested with BamHI and SacI and subcloned in frame in the pSoS expression vector. The brain-derived library, subcloned in the pMyr vector was purchased from Stratagene and is under the control of a galactose-inducible promoter. For the GST pull-down experiments, the entire coding region of Rin was isolated from one of the positive clones by digesting it with EcoRI and SalI and subcloned into the Pgex-4T1 vector in frame with GST. For cell transfection experiments, Pgex-Rin was digested with EcoRI and XhoI, the band encoding Rin was gel purified and subcloned in the PcDNA vector. PcDNA-Rin78L was obtained by the Quikchange kit from Stratagene. PLTR-Brn-3a expresses the long form of Brn-3a and has previously been described (Theil et al., 1993) . The-1300 egr-1 CAT construct has already been described elsewhere (Smith et al., 1999) .
Preparation of cytoplasmic and nuclear extracts
Brn3aL4 cells were scraped off from a six-well plate in 1 ml of ice-cold PBS, centrifuged at 5000 r.p.m. and the cell pellet resuspended in 100 ml of buffer A (10 mm HEPES pH 7.9, 10 mm KCl, 0.1 mm EDTA, 0.1 mm EGTA, 1 mm DTT). After incubation on ice for 15 0 , a 10% solution of NP-40 in buffer A was added and the suspension immediately spun at 13 000 r.p.m. for 5 min. The supernatant, which contained the cytoplasmic fraction, was transferred to a fresh tube and the pellet (the nuclei) resuspended in 50 ml of buffer B (20 mm HEPES pH 7.9, 0.4 m NaCl, 1 mm EDTA, 1 mm EGTA, 1 mm DTT), incubated at 41C for 30 min and then spun at 13 000 r.p.m. for 5 min. The supernatant contained the nuclear extract. Proteins were quantified with Bradford system (Pierce).
GST pull-down assay pGex-Rin or pGex-Brn-3a were grown in E. coli to an OD 600 of 0.6, induced with 1 mm final IPTG and grown for a further 3 h at 301C. Cells were then centrifuged for 10 min at 3000 r.p.m., resuspended in 1/20th of the original volume with PBS, 1% Triton X-100 and protease inhibitors, frozen at À201C and slowly thawed at 41C. Cellular debris was pelletted and the supernatant incubated for 1 h at room temperature with agarose beads and then washed five times in the incubation buffer.
For pull-down experiments equal amounts of GST fusion proteins or GST alone were incubated at room temperature for 1 h with 35 S-methionine labelled in vitro translated proteins (TNT retyculocyte-Promega) in the protein binding buffer (HEPES 20 mm pH 7.9, NaCl 100 mm, DTT 1 mm, MgCl 2 6 mm, 20% glycerol, 1% NP-40, 0.5 mm EDTA). The beads were then washed five times in the same buffer, resuspended in Laemmli buffer and loaded on a 10% PAGE gel. After run, the gel was then coomassie stained, dried and exposed to phosphorimager screens in order to quantify the protein retention. When described Rin was preloaded with 2 mm of [ 35 S]GTPgS (1000 Ci/mmol) or [ 3 H]GDP (11.5 Ci for 30 min at 301. An aliquot of the reaction was spotted onto nitrocellulose paper, washed three times with ice-cold wash buffer (20 mm Tris pH 7.5, 100 mm NaCl, 10 mm MgCl 2 , 1 mm DTT) and then counted in a scintillation counter. For the pull-down of Brn-3a from a cell lysate, Brn3aL4 cells grown to 90% confluency in 90 cm 2 flasks, were lysed in cell lysis buffer and incubated with GST-Rin or GST alone and then bound to agarose beads. These were then washed in the same buffer, resuspended in Laemmli buffer and loaded on a 10% PAGE gel. After run the gel was blotted onto nitrocellulose membrane, blocked for 1 h in 5% milk, 0.1% Tween-20, incubated with a 1:1000 dilution of anti Brn-3a antibody (Chemicon) and then with a 1:2500 dilution of anti-mouse HRP-conjugated antibody, separated by two washes of 10 min each in the same buffer. The Western blot was developed with ECL solutions (Amersham) according to the manufacturer's conditions. Rin was probed with a 1:1000 dilution of anti-Rin antibody in similar conditions as for the Brn-3a antibody.
